














Three	 novel	 fluorescent	 aminophosphine	 ligands	 have	 been	 synthesised	 that	 incorporate	
napthyl	 (L1),	pyrenyl	 (L2)	and	anthraquinone	 (L3)	 chromophores	 into	 their	 structures.	The	
ligands	react	with	[AuCl(tht)]	(tht	=	tetrahydrothiophene)	to	give	neutral	complexes	of	the	
form	[AuCl(L1-3)].	Solid	state,	X-ray	crystallographic	data	was	obtained	for	the	anthraquinone	







fluorophore	 dominates	 the	 absorption	 and	 emission	 properties	 for	 the	 ligands	 and	
complexes,	with	the	anthraquinone	derivatives	showing	visible	emission	at	ca.	570	nm	which	




Aminophosphines	 of	 the	 type	 R2N-PR2	 (also	 referred	 to	 as	 aminophosphanes	 or	
phosphinous	amides)	are	a	well-known	class	of	phosphorus	compound.i,ii	They	can	be	
commonly	synthesised	from	a	phosphinous	chloride	(R2PCl)	and	a	nucleophilic	amine	
in	 the	 presence	 of	 base.	 Although,	 the	 P-N	 bond	 can	 be	 quite	 sensitive	 to	 air	 and	
moisture,	the	nitrogen	centre	does	provide	opportunities	for	controlling	the	physical	
properties	and	reactivity	of	aminophosphines.	Interest	in	aminophosphines	has	been	
primarily	 driven	 by	 their	 use	 as	 reagents	 to	 new	 heterocyclic	 organophosphorus	
species,	and	their	application	in	coordination	chemistry	(although	when	compared	to	
phosphine	ligands	this	area	is	still	relatively	immature).		
	 Examples	 of	 pioneering	 work	 on	 the	 coordination	 chemistry	 of	
aminophosphines	 were	 conducted	 by	 Woollins	 and	 co-workers.iii	 Synthetic	
approaches,	including	those	by	Dyer,	potentially	allow	access	to	mixed	donor	ligands	
with	 adaptable	 chelating	 properties.iv	 	 	 Importantly,	 complexes	 that	 incorporate	
aminophosphines	 have	 been	 deployed	 as	 catalysts	 for	 several	 transformations,	
including	 Suzuki-Miyaura,v	 asymmetric	 hydrosilylationvi	 reactions	 and	 allylic	
alkylations.vii	Interestingly,	Pd(II)	complexes	of	chiral	aminophosphines	have	been	used	
for	the	enantiodiscrimination	of	amino	acids	using	31P	NMR	spectroscopy.viii	
	 In	 our	 ongoing	 studies	 investigating	 new	 ligand	 architectures	 that	 can	 impart	
fluorescent	 properties	 upon	 Au(I)	 coordination	 complexesix,	 aminophosphines	 present	 an	
ideal	class	of	compound	that	have	yet	to	be	fully	explored.	Examples	are	rare,	but	in	the	early	
2000s	Zhang	and	co-workers	reported	a	series	of	papers	that	described	the	Au(I)	coordination	
chemistry	 of	 anthracene-based	 aminophosphine	 ligands	 together	 with	 their	 fluorescence	






































chlorodiphenylphosphine	 (Ph2PCl)	 and	 the	 relevant	 primary	 amine	 (1-
naphthalenemethylamine,	 1-pyrenemethylamine,	 1-aminoanthraquinone).	 The	
phosphine	was	added	dropwise	to	a	stirred,	degassed	dichloromethane	solution	of	the	
amine	 in	 the	 presence	 of	 base	 (triethylamine)	 at	 0	 °C.	 L1	 and	 L2	 were	 isolated	 as	
colourless	 and	 yellow	oils,	 respectively,	while	 the	 anthraquinone	 derivative	 L3	was	
obtained	as	a	dark	orange	solid.	The	formation	of	L3	is	noteworthy	as	the	amine	of	1-
aminoanthraquinone	 is	 far	 less	 basic,	 and	 is	 delocalised	 into	 the	 strongly	 electron	
withdrawing	 anthraquinone	 ring.	 All	 ligands	 were	 assumed	 to	 be,	 and	 treated	 as,	
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corresponding	gold(I)	complexes	were	synthesised	by	stirring	[AuCl(tht)]	(where	tht	=	
tetrahydrothiophene)	with	the	ligand	in	deoxygenated	dichloromethane	to	yield	air-













to	 give	 a	 corresponding	 aminophosphine	 with	 a	 recorded	 31P	 NMR	 resonance	 at	
approximately	+27	ppm.xvii		
	 In	the	1H	NMR	spectra	of	L1	and	L2,	the	NH	resonance	gave	rise	to	a	complex	
multiplet	 around	 2.3	 ppm	 due	 to	 both	 3JHH	 and	 2JHP	 coupling.	 The	 methylene	
resonances	for	L1	and	L2	were	observed	at	4.44	and	4.67	ppm,	respectively.	In	L3	the	
NH	resonance	appeared	much	further	downfield	at	ca.	10.3	ppm,	due	to	the	strongly	
electron	 withdrawing	 anthraquinone	 unit,	 and	 presented	 as	 a	 doublet,	 which	 is	
attributed	 to	H-P	 coupling	 (2JHP	=	 7.3	Hz).	 This	 is	 consistent	with	 previous	work	 on	
substituted	 aminoanthraquinones	 which	 often	 show	 such	 resonances	 at	 chemical	
shifts	 above	 9	 ppm.xviii	 For	 L3,	 the	 13C{1H}	NMR	 spectrum	 revealed	 the	 two	unique	
carbonyl	 carbons	 at	 186.4	 and	 183.5	 ppm	due	 to	 the	unsymmetrical	 nature	 of	 the	
anthraquinone	moiety.	In	L1	and	L2,	the	methylene	carbon	resonances	were	noted	as	


























retention	 of	 the	 fluorophore	 labelled	 aminophosphine	 in	 each	 case	 (with	 the	 requisite	
number	of	aromatic	resonances),	and	for	[AuCl(L1)]	and	[AuCl(L2)]	the	methylene	resonances	
were	shifted	downfield	by	around	+0.2	ppm	upon	formation	of	the	complexes.	These	spectra	








During	 the	 synthesis	 of	 the	 ligands	 and	 complexes,	 diffraction	 quality	 crystals	 of	



































Au(1)-Cl(1)	 2.2874(5)	 Au(31)-Cl(31)	 2.2900(6)	
Au(1)-P(1)	 2.2225(6)	 Au(31)-P(31)	 2.2224(6)	
P(1)-N(1)	 1.6774(19)	 P(31)-N(31)	 1.6851(19)	
	 	 Au-Cl	 2.356	(calc)	
	 	 Au-P	 2.296	(calc)	
	 	 P-N	 1.698	(calc)	
Selected	bond	angles	(Å)	
P(1)-Au(1)-Cl(1)	 178.38(2)	 P(31)-Au(31)-Cl(31)	 176.75(2)	
N(1)-P(1)-Au(1)	 116.88(7)	 N(31)-P(31)-Au(31)	 117.38(7)	
	
	
The	X-ray	crystal	 structure	 for	 [AuCl(L3)]	 confirms	 the	suggested	 formulation	 in	 the	
solid	state	(Figure	1).	Within	the	structure	there	are	two	independent	molecules	within	
the	asymmetric	unit.	The	 two	molecules	are	very	similar	 to	each	other,	 	 varying	by	
different	twist	angles	for	one	of	the	phenyl	rings	and	the	anthraquinone	(see	Figure	






























labs	/	nm	 lem	/	nm	 tobs	/	nsb	 f		
L1	 293,	282,	272,	262,	223	 339	 6.5	 -c	
L2	 375,	344,	328,	314,	300,	276,	266,	242,	235	sh	 398,	478	 8.0	 -c	
L3	 470,	309,	279,	269,	245,	228	sh	 571	 1.0	 -c	
	 	 	 	 	
[AuCl(L1)]	 291,	282,	272,	223	 339	 3.9	 8	%	
[AuCl(L2)]	 375,	343,	327,	313,	300,	276,	266,	242,	233	 377,	397,	417	 14.9	 17	%	
	
[AuCl(L3)]	 442,	298,	270,	241,	224	 574	 1.0	 2	%	




















































































with	 480	 nm	 (MeOH)	 for	 1-aminoanthraquinone.xxii	 Amine-substituted	 anthraquinone	
derivatives	are	known	to	possess	transitions	that	can	be	described	as	intramolecular	charge	














The	 structures	 of	 L3	 and	 [AuCl(L3)]	 were	 computed	 using	 density	 functional	
calculations.	 Long-range	 corrected	 functionals	 such	 as	 CAM-B3LYPxxiv	 are	 often	
required	for	giving	an	adequate	description	of	excited	states	with	a	significant	charge-
transfer	component.xxv		In	this	case	however,	all	the	TD-DFT	analyses	(vide	infra)	gave	
excitation	 energies	 that	 were	 significantly	 higher	 in	 energy	 than	 those	 observed	
experimentally.	 	 After	 several	 functionals	 were	 screened,	 the	M06	 functional	 gave	

























in	 the	 asymmetric	 unit).	 	 The	modest	 differences	 in	 bond	distance	 are	not	 thought	 to	 be	
significant	in	light	of	crystal	packing	forces	and	temperature	effects	(X-ray	data	were	collected	
at	100	K),	and	other	properties	pertaining	to	this	complex	were	well-reproduced	(vide	infra).	
	 The	 31P	 NMR	 shielding	 tensors	 were	 calculated	 to	 validate	 the	 observed	
experimental	values;	this	is	especially	pertinent	since	there	are	few	literature	examples	
of	this	molecular	fragment	to	give	a	reliable	“expected”	chemical	shift	range.		As	noted	
by	Pellegrinet,xxx,xxxi	 the	accuracy	of	 such	calculations	can	be	 improved	by	ensuring	
that	a	suitable	reference	molecule	is	chosen	and	calculated	at	the	same	level	of	theory.	
Given	the	structure	of	L3	(i.e.	bearing	two	phenyl	groups),	PPh3	was	used,	and	for	which	




















as	 observed	 in	 the	 experimental	 data.	 	 As	 expected,	 the	 low	 energy	 bands	 correspond	
primarily	to	HOMO-LUMO	transitions	in	both	L3	and	[AuCl(L3)]	(Figures	6	and	7,	respectively),	
and	are	dominated	by	significant	π-π*	character	within	the	substituted	anthraquinone.	 	 In	
addition,	 the	 HOMO	 of	 L3	 contains	 appreciable	 orbital	 coefficients	 based	 upon	 the	
phosphorus	and	nitrogen	atoms,	effectively	the	P	and	N	lone	pairs,	which	gives	the	low	energy	
transition	 a	 combination	 of	 π-π*,	 n(P)-π*,	 and	 n(N)-π*	 character.	 	 The	 nitrogen	 orbital	
component	 is	retained	 in	the	HOMO	of	[AuCl(L3)],	but	the	phosphorus	orbital	character	 is	
decidedly	altered,	as	expected,	by	virtue	of	coordination	of	the	phosphorus	atom	to	the	Au(I)	
























Each	 of	 the	 ligands	was	 shown	 to	 be	 fluorescent	 (Figure	 8)	 in	 aerated	 acetonitrile	
solution	(2.5	´	10-5	M),	with	emission	wavelengths	(Table	3)	and	profiles	consistent	
with	 the	 presence	 of	 the	 organic	 fluorophore;	 as	 anticipated,	 the	 emission	 energy	
decreased	across	the	series	L1	(naphthyl)	>	L2	(pyrene)	>	L3	(anthraquinone).	In	the	
case	of	L2,	the	emission	profile	was	composed	of	both	structured	monomer-type	(350-
425	 nm)	 and	 a	 broader	 feature	 at	 475	 nm	 which	 may	 be	 due	 to	 excimer-type	
emission.xxxii		For	L3,	the	visible	emission	peak	at	ca.	575	nm	(lex	=	440	nm)	was	broad	
and	 structureless	 in	 appearance	 which	 is	 consistent	 with	 an	 emitting	 state	 of	 ICT	
character	localised	on	the	aminoanthraquinone	moiety.	Time-resolved	measurements	
(lex	 =	 295	 nm)	 revealed	 observed	 lifetimes	 that	were	 consistent	with	 fluorescence	
emission	in	all	cases	(Table	3).	The	corresponding	measurements	on	the	complexes,	
using	excitation	wavelengths	that	correlate	with	the	ligand-based	absorption	bands,	




M),	 and	 therefore	 suggests	 that	 the	 presence	 of	 the	 coordinated	 {AuCl}	 unit	 may	
inhibit	p-p	stacking	(the	excimer	band	in	L2	may	be	due	to	intramolecular	interactions	
between	the	pyrene	and	phenyl	groups	within	the	ligand).	[AuCl(L3)]	again	showed	a	






















of	 the	 pyrene	 fluorophore	 is	 inhibited	 by	 coordination	 to	 Au(I).	 In	 all	 cases	 the	 observed	


















































Fluorescent,	 functionalised	 aminophosphines	 can	 be	 synthesised	 straightforwardly	 and	





theoretical	 approaches	 can	 also	 predict	 the	 excitation	 energies	 for	 the	 anthraquinone	
derivative	and	provide	further	validation	via	calculated	31P	NMR	chemical	shifts.	Our	future	
studies	will	explore	and	expand	the	coordination	chemistry	of	fluorescent	aminophosphine	






purification	 if	 not	 stated	 otherwise.	 For	 the	measurement	 of	 1H,	 31P,	 and	 13C	NMR	
spectra	a	Bruker	Fourier300	(300	MHz),	Bruker	AVANCE	HD	III	equipped	with	a	BFFO	
SmartProbeTM	 (400	 MHz)	 or	 Bruker	 AVANCE	 III	 HD	 with	 BBO	 Prodigy	 CryoProbe	




High-resolution	 mass	 spectra	 were	 carried	 out	 at	 the	 EPSRC	 National	 Mass	
Spectrometry	 Facility	 at	 Swansea	University.	 High	 resolution	mass	 spectral	 (HRMS)	
data	were	obtained	on	a	Waters	MALDI-TOF	mx	at	Cardiff	University	or	on	a	Thermo	
Scientific	 LTQ	Orbitrap	 XL	 by	 the	 EPSRC	UK	National	Mass	 Spectrometry	 Facility	 at	
Swansea	University.	 IR	 spectra	were	 obtained	 from	 a	 Shimadzu	 IR-Affinity-1S	 FTIR.	
Reference	to	spectroscopic	data	are	given	for	known	compounds.	UV-Vis	studies	were	
performed	on	a	Shimadzu	UV-1800	spectrophotometer	as	MeCN	solutions	(2.5	or	5	×	
10-5	 M).	 Photophysical	 data	 were	 obtained	 on	 a	 JobinYvon–Horiba	 Fluorolog	





















Crystal	 Data	 for	 [AuCl(L3)]:	C26H18AuClNO2P,	Mr	 =	 639.80,	 triclinic,	P-1	 (No.	 2),	 a	 =	









functional,xxvi	 employing	 the	 quasi-relativistic	 SDDxxvii	 effective	 core	 potential	 along	
with	associated	basis	set	 for	Au,	cc-pV(D+d)Z	 for	Cl	and	P,xxix	and	cc-pVDZxxviii	on	all	








the	ESI.	Solvent	 interactions	can	be	crucial	 for	accurately	 reproducing	experimental	
data;xxv	solvent	was	therefore	modelled	using	the	polarizable	continuum	model,	with	
the	molecular	cavity	defined	by	a	united	atom	model	that	incorporates	hydrogen	into	
the	 parent	 heavy	 atoms,	 and	 included	 in	 all	 calculations.xliv	 	 Geometries	 were	
optimized	 separately	 in	 each	 solvent	 employed	 (acetonitrile	 for	 TD-DFT	 and	







Diphenylchlorophosphine	 (0.21	ml,	1.4	mmol)	 in	dicloromethane	 (10ml)	was	added	








=	 16.3	 Hz)	 ppm.	 31P{1H}	 NMR	 (162	MHz,	 CDCl3):	 δP	 +42.19	 ppm.	 HRMS	 found	m/z	
342.1400,	calcd	m/z	342.1412	for	[C23H20NP]+.	UV-vis.	(MeCN)	λmax	(ε	/	dm3mol-1cm-1):	
293	(8520),	282	(12520),	272	(12360),	262,	(11280),	223	(86480)	nm.	IR	(solid)	n	/	cm-







































L1	 (111	mg,	0.32	mmol)	and	 tetrahydrothiophenegold	chloride	 (94	mg,	0.29	mmol)	
were	added	 to	degassed	dichloromethane	 (20	ml)	and	 the	 solution	 stirred	at	 room	















were	added	 to	degassed	dichloromethane	 (20	ml)	and	 the	 solution	 stirred	at	 room	
temperature	under	nitrogen	for	2	hours.	The	solvent	was	reduced	in	vacuo	and	diethyl	






133.1,	 132.7,	 132.5,	 132.3,	 132.2,	 131.4,	 130.8,	 129.4,	 129.3,	 129.2,	 128.9,	 128.6,	









L3	 (130	mg,	0.32	mmol)	and	 tetrahydrothiophenegold	chloride	 (93	mg,	0.29	mmol)	
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